a bifactorial model with the factors "pain intensity" and "pain interference with daily functioning," adopting as reference period the individual's perception in the past week. In addition to the bifactorial model, there is also a trifactorial proposal for the BPI (pain intensity, interference of pain in activities and interference of pain in affectivity) (Atkinson et al., 2011 (Atkinson et al., , 2012 . Additionally to this trifactorial proposal, Cleeland and Ryan (1994) further proposed a second-order factor called "Interference of pain," which is a consequence of the factors "interference of pain in activities" and "interference of pain in affectivity." It should be noted that such proposals have established a correlational relationship between the factors "pain intensity" and "pain interference." However, some studies (Boggero & Carlson, 2015; Fish, McGuire, Hogan, Morrison, & Stewart, 2010) have been pointing out that the perception of pain intensity can contribute to the perception of pain interference on the individual's daily routine, establishing a hypothetically causal relationship.
The BPI was originally developed for cancer patients. Currently, however, it has been used on samples with various clinical conditions (Cleeland, 2009; Khanna, Kumar, & Khanna, 2015; Stanhope, 2016) . In most studies, the samples were composed of individuals with pain resulting from chronic weaknesses such as HIV (Atkinson et al., 2011) , diabetes (Pedras, Carvalho, & Pereira, 2016; Zelman, Gore, Dukes, Tai, & Brandenburg, 2005) , osteoarthritis (Keller et al., 2004; Lapane, Quilliam, Benson, Chow, & Kim, 2014; Williams, Smith, & Fehnel, 2006) , trigeminal neuralgia (Brailo & Zakrzewska, 2015; Lee et al., 2010) , sickle cell anaemia (Moscou-Jackson et al., 2016) , multiple sclerosis (Osborne, Raichle, Jensen, Ehde, & Kraft, 2006) and low back pain (Keller et al., 2004; Lapane et al., 2014) . Despite the importance of evaluating pain in individuals with acute pain, few studies used BPI in this sample type (Lapane et al., 2014; Lindberg et al., 2017; Moscou-Jackson et al., 2016) and the post-surgical pain (Lapane et al., 2014; Lindberg et al., 2017) , the most investigated acute conditions. Two versions of this instrument are available for use: the complete form (long form) with 32 questions and the reduced version (short form) with 15 questions. It should be noted that, in both versions, the items that constitute the bi-or trifactorial models are the same, that is the difference between the two versions is not the BPI's factorial model, but rather the number of items that characterize the patients/samples' pain that, in the long form, is more comprehensive (Cleeland, 2009) . Additionally, the reference period is different between the two versions. In the long form, this period refers to the "last week," while in the short form, it refers only to the "last 24 hr." Due to the change to the reference period, the maintenance of factors assessed, and also to the convenience of having fewer items, the short form has been the most used in the literature (Cleeland, 2009 ).
Changing this period in the short form proposed seems to be important to the daily monitoring of the patient with pain, for example, for a therapeutic evaluation of a treatment. It is worth remembering that the existence of reference periods is essential when using this type of instrument, as it is the only way to accomplish a more careful and directed evaluation of the pain. However, the definition of this period must be careful and directly related to the purpose of the investigation, since it can limit the information collected. Thus, a reflection must be made regarding the construction of this period. Carrying out other adaptations to the reference period can enable the use of BPI with different samples and in different contexts not yet evaluated, such as in studies about the processing of painful past experiences and the memorization and remembrance of pain processes. Thus, despite the importance of using the reference period to recognize the patient's current pain condition, we suggest that the assessment of the aspects related to the perception of pain go beyond this specific moment, allowing for a more comprehensive assessment of the global perception of pain, or even a past pain experience (memory of pain). Expanding this perspective could generate relevant information to treat patients with pain or guide the development of educational/preventive strategies related to the processing of pain.
In view of the possibility of expanding the use of the BPI, another aspect should be considered. Item one of the original BPI suggests that the instrument must be answered in relation only to the presence of unusual pain, that is disregarding individuals with sprains, headaches and toothaches. By analysing the conditions in which the instrument was developed, the importance of this recommendation becomes clear, as it was designed for the screening of pain in cancer patients whose concern was to identify the pain resulting from this disease. However, with the use of the BPI in clinical conditions other than cancer, the maintenance of this item's original design can limit the assessment of the perception of pain in the population in general, which can experience pain conditions, among which pain considered as usual (sprains, headaches and toothaches), and pain that must be investigated.
Thus, seeking to expand the use of the BPI, this study was carried out to assess the psychometric properties of the Portuguese version of the Brief Pain Inventory (BPI)-short form, when applied to individuals with and without pain, using two reference periods, the last 24 hr, and the last pain experience.
| METHODS

| Study design and sample design
This is an observational study to assess the psychometric qualities of the Brief Pain Inventory (BPI). Adults seeking dental care at Periodontal, Dentistry, Emergency, Prosthetics, Oral Medicine and Surgery Clinics of the School of Dentistry of Araraquara, from 2015 to 2016, were invited to participate.
Only individuals with ages 18 and older who have agreed to participate were included; special patients seeking care were excluded.
The minimum sample size was estimated considering the proposal of Hair, Black, Babin, Anderson, and Tatham (2005) , who suggest that from 10 to 20 subjects are needed per model parameter. Considering that the factorial models of the instrument assessed (BPI) could have up to 25 parameters, the estimated minimum sample size was from 250 to 500 subjects. To that end, due to the adaptation made to the instrument, it was necessary to represent individuals with and without pain in the last 24 hr before the study. Thus, the minimum sample size was considered for each one of these groups. In total, 1,426 individuals were invited to participate. Of these, 1,214 agreed to participate (adhesion rate of 85.1%) and 1,176 answered all BPI items (response rate of 96.9%). We should clarify that a number of individuals higher than that estimated were invited to participate, to minimize problems related to the non-adequate filling of the measurement instrument and to reach the minimum necessary number of subjects with and without pain in the last 24 hr.
| Sample characterization
To characterize the sample, information regarding gender, age, marital status and economic level was gathered. The socioeconomic stratum and the average household income were estimated by means of the Brazil Economic Classification Criterion (ABEP, 2015) . Individuals were asked about the presence or lack of pain in the last 24 hr before their participation in the study. Individuals who reported lack of pain in the last 24 hr also reported how long since the last pain experience and answered the BPI considering the last pain experience as reference period (memory of pain). Individuals who presented pain in the last 24 hr reported their pain onset time and temporal pattern. Participants were classified according to the pain onset time (< or ≥3 months) and the pain temporal pattern (recurrent or continuous).
| Brief Pain Inventory (BPI)
The Portuguese short form of the Brief Pain Inventory (BPI) was used (Cleeland, 2009) . This version has one initial item that asks about the presence of unusual pain (headaches, sprains and toothaches), one drawing of the human body where the individual can point the pain, four items about pain intensity (worst, least, average and right now), one item about which treatment/medication the individual received or takes, one item about relief of pain related to the treatment/ medication, and seven items about the perception of pain interference on the individuals' daily routine. The reference period of the responses is the last 24 hr. The eleven items that address the perception of pain intensity (items 3, 4, 5, 6) and pain interference (items 9a, 9b, 9c, 9d, 9e, 9f, 9g) are components of a psychometric instrument. The response options vary from 0 (no pain/does not interfere) to 10 (pain as bad as you can imagine/completely interferes).
The use of the Portuguese version was authorized and provided by the author who proposed the instrument. For this study, we also obtained authorization to adapt the instrument for use with individuals seeking dental care and who might not have pain in the last 24 hr. To that end, two adaptations were necessary. Firstly, the first item of the instrument was adapted, which became "Throughout our lives, most of us have had pain from time to time. Have you had any pain in the last 24 hr?" Another adaptation involved the reference period and a version was generated (adapted BPI) with the reference period as "last pain experience." Individuals who had pain in the last 24 hr answered the BPI items considering the two reference periods (last 24 hr and last pain experience), while individuals without pain answered only considering the "last pain experience."
| Pilot study
The Portuguese version of the BPI was tested by means of a pilot study. In this phase, 25 adults (81% women) participated with an average age of 45.73 years (SD = 110.41), seeking care at the School of Dentistry of Araraquara (FOAR-UNESP), Brazil. The average time to complete the BPI was 7.84 minutes (SD = 12.63). Participants were asked about their difficulty to understand the instrument items, and all individuals understood all items.
| Content validity
The content validity was assessed using the content validity ratio (CVR) according to Lawshe (1975) . In this phase, eight pain experts participated, with knowledge of Psychometrics, who classified the eleven BPI items-in accordance with their essentiality-into "essential," "useful, but not essential" and "not necessary." To take this decision, we used the proposal of Wilson, Pan, and Schumsky (2012) , considering eight pain experts and a significance level of 5%, that pointed out the critical value of CVR 8;0,05 = 0.693.
| Analysis of the psychometric properties
The psychometric characteristics of the BPI in the sample were analysed considering the theoretical models (Boggero & Carlson, 2015; Cleeland, 2009; Fish et al., 2010) described below and shown in Figure 1 .
M 1 : Bifactorial model: 11 items distributed into two factors:
"Pain intensity" (items 3, 4, 5 and 6) and "Pain interference with daily functioning" (items 9a, 9b, 9c, 9d, 9e, 9f, 9 g). M 2 : Trifactorial Model: 11 items distributed into three factors "Pain intensity" (items 3, 4, 5 and 6), "Interference of pain in daily activities" (items 9a, 9c, 9d) and "Interference of pain in affectivity" (items 9b, 9e, 9f, 9 g). M 3 : Trifactorial Model with second-order hierarchical factor: 11 items distributed into three factors "Pain intensity" (items 3, 4, 5 and 6), "Interference of pain in activities" (items 9a, 9c, 9d), "Interference of pain in affectivity" (items 9b, 9e, 9f, 9 g) and second-order hierarchical factor called "Pain interference," which reflects the two latter factors.
M 4 : Structural Model proposed from the hypothetical causal relationship of "Pain intensity" in the "Pain interference with daily functioning," considering the "Pain interference with daily functioning" a first-order factor (as per M 1 ). M 5 : Structural Model proposed from the hypothetical causal relationship of "Pain intensity" in "Pain interference," considering "Pain interference" as a second-order hierarchical factor (as per M 3 )
The psychometric sensitivity of BPI items was analysed using the measures of central tendency, variability, and shape of the distribution of the responses provided by participants.
The absolute values of kurtosis (Ku) <7 and Skewness (Sk) <3 F I G U R E 1 Theoretical models of the Brief Pain Inventory (BPI) were considered as appropriate sensitivity indicators (Kline, 1998; Maroco, 2014) .
The factorial validity of the theoretical models ( Figure 1 ) was analysed using confirmatory factor analysis (CFA) with the maximum-likelihood estimation method. The goodnessof-fit indices used were the ratio of chi-square to degrees of freedom (χ 2 /df), the comparative fit index (CFI), the goodness-of-fit index (GFI) and the root mean square error of approximation (RMSEA) (Kline, 1998; Maroco, 2014) . The results were considered adequate when χ 2 /df ≤ 2.00, CFI and GFI ≥ 0.90, and RMSEA < 0.10. Items with factorial loading (λ) < 0.50 were removed. Correlations between items errors were included when appointed by the Modification Indices computed from the method of Lagrange multipliers (LM > 11, p < 0.001) and based on theoretical considerations that supported the correlation between such errors (Maroco, 2014) . The model with the lowest value of Information TheoryBased Indexes Akaike Information Criterion (AIC), BrowneCudeck Criterion (BCC) and Bayes Information Criterion (BIC) was considered as the most parsimonious model (Maroco, 2014) .
The convergent validity of each factor was evaluated from the estimation of the Average Variance Extracted (AVE) (Fornell & Larcker, 1981) , which was considered adequate when AVE ≥ 0.50 (Hair et al., 2005; Maroco, 2014) . The discriminant validity was evaluated based on the correlational analysis between factors. When AVE i and AVE j ≥ r ij 2 (r ij 2 :
square of the correlation between factors i and j ), there was a discriminant validity (Fornell & Larcker, 1981) . The reliability of the measurement of factors was evaluated from the calculation of the Standardized Cronbach's alpha coefficient (α) and Composite Reliability (CR). Values of α and CR ≥ 0.70 indicated adequate internal consistency (Hair et al., 2005; Maroco, 2014) .
The external validity was evaluated from the invariance of the models parameters between independent samples. To that end, the samples were randomly divided into two equal parts. Subsamples were called "Test Sample" and "Validation Sample" (independent samples). The invariance of the factorial loading (λ), intercepts (i), regression coefficients (β) and of residual variance/covariance (Res) was tested using the multigroup analysis of chi-square differences (Δχ 2 ). Parameters were considered as invariant when p ≥ 0.05 (Maroco, 2014) .
It should be clarified that these analyses were conducted separately for the following sample groups: G1: Responses of individuals who did not report pain in the last 24 hr (BPI with reference period "last pain experience"), n = 344 G2: Responses of individuals who reported pain in the last 24 hr (BPI with reference period "last pain experience"), n = 832 G3: Responses of individuals who reported pain in the last 24 hr (BPI with reference period "last 24 hr"), n = 832 G4: Responses of all participants (BPI with reference period "last pain experience"), n = 1,176.
The programs IBM SPSS Statistics (version 22, SPSS an IBM Company, Chicago, IL) and AMOS 22.0 (SPSS an IBM Company, Chicago, IL) were used to carry out the analyses.
| Procedures and ethical aspects
The data were collected at the waiting room of the clinics of the School of Dentistry of Araraquara-UNESP. Face-to-face interviews were also carried out. Individuals who agreed to participate signed the informed consent. This study was approved by the Human Research Ethics Committee of the School of Dentistry of Araraquara (CAAE 14986014.0000.5416).
| RESULTS
Of the 1,176 individuals who participated in the study and answered all items of the Brief Pain Inventory (BPI), 344 individuals reported they have had no pain in the last 24 hr before the interview. The characteristics of the study sample are presented on Table 1 .
It should be noted that most participants were women, married/under common-law marriage, with economic level C.
With regard to pain characteristics, on average, the last pain experience of individuals who reported no pain in the last 24 hr before the interview was 47.27 days (SD = 111.97) before. Of the individuals who reported pain in the last 24 hr, 395 (47.5%) reported pain for less than 3 months. Of the 437 participants who presented pain for more than 3 months, 182 (41.6%) reported continuous pain and 255 (58.4%) recurrent pain. Among the 1,176 participants, 656 (55.8%) indicated orofacial region as the place of the pain, where 428 (65.2%) reported intraoral pain, 200 (30.5%) reported head pain and 28 (4.3%) reported pain in the face.
The descriptive statistics of responses provided by participants to BPI items and the Content Validity Ratio (CVR) are found in Table 2 .
All BPI items presented adequate psychometric sensitivity because none of the items presented Sk or Ku values indicating severe violation of normality. As expected, item 6 (pain intensity "right now") did not present variability in the sample without pain in the last 24 hr, as all individuals answered zero for pain at the time.
The statistics of evaluation of the goodness of fit of BPI models are found in Table 3 .
All theoretical models are fit for samples after refinement. The fit of model was performed by correlations between items errors pointed out by the Lagrange multipliers (LM > 11). The correlations inserted between items errors 9a-9d, 9c-9d and 9b-9e on models M 1 R and M 4 R can indicate theoretical proximity between these items, suggesting the possibility of reorganization of the factor "pain interference with daily functioning." This reorganization resulted on proposals M 2 , M 3 and M 5 .
The adequate fit of the refined M 4 (M 4 R) and refined M 5 (M 5 R) models confirmed the theoretical proposal about the causal relation between factors "intensity" and "interference." In these models, from 37 to 49% of the variability of the perception of pain interference can be predicted from its perception of pain intensity.
Regarding the reference period of responses to the BPI, we noted an adequate fit of refined models when the reference periods "last pain experience" or "last 24 hr" were used. Table 4 presents the estimation of the parameters invariance of theoretical refined models of BPI between the "Test Sample" and "Validation Sample."
There was invariance in factorial loadings (λ), intercepts (i), regression coefficients (β) and residual variances/covariances (Res) of models for the independent sample, for T A B L E 1 Sample characterization all groups, demonstrating adequate external validity of the evidence presented.
| DISCUSSION
This study presents, for the first time in the literature, evidence related to the possibility and validity of applying the Brief Pain Inventory (BPI) in adults with and without pain. Thus, the study increases the possibilities of using this instrument, because it (a) suggests its use with individuals with unusual, usual and without pain; (b) presents a proposal for adaptation of the reference period for response of the instrument, favouring the tracking of pain in larger clinical contexts; and (c) presents evidence of the validity and reliability of the results obtained using different theoretical models proposed for this instrument.
The adaptation made on the first questions of the Brief Pain Inventory (BPI)-which originally excluded the investigation of usual pain (sprains, headaches and toothaches), was fundamental for the development of this study, as it allowed participants to report their pain, regardless of its characteristics. As previously stated, initially it was necessary to assess, in cancer patients, pains related exclusively to this unusual condition. However, in epidemiological studies of pain screening, assessing conditions such as usual pain can be interesting because all such pains affect individuals frequently. Santos et al. (2015) reported that 49.2% of a Brazilian community sample reported headaches and/or toothaches. It should be noted that the usual pain, considered as "commonplace," encumbers the health system, and knowing the individuals' perceptions as regards intensity and interference of such pain in everyday life is important so that guidelines to treat (care and handle) such patients are established.
The adaptation suggested for the reference period used to answer the BPI items (last 24 hr or last pain experience) was carried out to extend the use of this instrument with individuals without pain. However, we believe that such adaptation can also be useful when used with individuals experiencing any pain. These reference periods can be important to understand the process of pain, and thus assist in the decision-making process regarding the clinical procedures. The reference period "last 24 hr" can be essential for monitoring the effect of a clinical intervention on the improvement or worsening of patients (Williams et al., 2006) . While the response option using the "last pain experience" as reference can be a tool to track the pain of new coming patients whose characteristics are not yet known, the reference period "last pain experience" opens the possibility of knowing the individual's perception about his/her pain in general. Therefore, it is possible to learn, for example, if the patient with pain has already experienced similar pain to that presented at that moment and provides evidence of the evolution of pain. It should be highlighted that, with the use of this reference period, it is also possible to track pain, regardless of whether the individual feels pain at the time of evaluation. Thus, this new response option contributes to the investigation of the intensity and interference of pain in individuals who did not report pain in the last 24 hr, turning the BPI into a tool that can be used in studies seeking to advance the knowledge about the concept and/or operationalization of a past pain and memory of pain. Linton and Shaw (2011) reinforced the idea that the perception of a new pain might have influenced the individual's previous experiences. Babel et al. (2018) also reinforce this assumption and report that studies that provide elements related to the memory of pain can have practical implications in the handling of different pain conditions. Therefore, knowing the burden that the individual assigns to his/her last pain experience can be a useful information in the process of designing educational and/or preventive measures in the context of pain. Despite the controversy existing in the literature regarding the accuracy of the reports made by individuals about their past experiences (Babel et al., 2018) , we should emphasize that, regardless of whether or not this report reflect the true state of the pain, this is the individual's perception, and as such it must be considered. The construction of the perception of pain is influenced by experiences and interpretations, that is, the sensations may present components of a reconstruction and, therefore, may be deformed. Despite of this deformation, this is the individual's report and represents a real painful sensation and therefore cannot be considered as a bias. This information can be relevant to improve the handling of pain, extending the potential for the professionals action, as it opens space for action both in the clinical condition of pain itself and for the formulation of strategies for resignification of the perception of pain (Campos, Bonafé, & Maroco, 2018) . Thus, we suggest that the clinical use of both reference periods can be interesting, especially in view of persistent pain conditions.
The factorial analysis confirmed that all theoretical BPI models proposed in the literature produce valid and reliable results for the all samples data (Table 3) . As Cleeland and Ryan (1994) suggest, the researcher/physician must choose the most fitting structure (theoretical model) for the research or clinical assessment aimed. Atkinson et al. (2011 Atkinson et al. ( , 2012 have chosen, for example, the trifactorial model ( Figure 1M 2 ), because they deem it a structure that allows measuring in which aspect of the individual's life (activity or affectivity) there is higher perception of the interference of pain; further, it allows estimating the contribution of the therapeutics implemented in each one of these aspects. Certainly, this contributes to a more detailed and useful clinical evaluation for the everyday life clinical practice, allowing the establishment of more directed pain management strategies.
T A B L E 3 Confirmatory factor analysis (CFA), average variance extracted (AVE) and reliability (CR, α) On the other hand, the literature (Boggero & Carlson, 2015; Fish et al., 2010) has been reporting that the perception of pain intensity can be an important predictor of the perception of pain interference in the individual's daily functions. Thus, we suggest that, when it is necessary to estimate such contribution, the models chosen must be those that support the causality relationship between the factors ( Figure 1M 4 and 1M 5 ). Fish et al. (2010) pointed out that the perception of pain intensity explains around 41% of the variability of the perception of the interference of pain, similar to the findings of this work. However, despite this important contribution, it is still necessary to explain a large amount of the perception of pain interference in daily routine. Studies such as those conducted by Linton and Shaw (2011) , that seek to guide the physician and/or researcher for an adequate manner of approaching patients with pain, suggest that a biopsychosocial vision should be applied as a means to contribute for the better understanding of pain perception. Thus, they highlight the need of knowing theories that go beyond the physiology of response to harmful stimuli, such as psychosocial theories, cognitive-behavioural theories and emotional theories of pain as a supplement in the search to expand the physician's ability to manage patients with pain.
The cross section used can be pointed out as a limitation of the study. However, this is the design most frequently used in studies that evaluate the quality of psychometric instruments. Another limitation that could be pointed out is the external validity of the results because non-probabilistic samples were used. However, this study tested the external validity of the results obtained with independent samples and revealed strong invariance of the models parameters between random and independent samples, thus confirming the external validity of the results.
It is expected that this study can cooperate with researchers/physicians of the area with the possibility of extending the use of the BPI to measure pain in different clinical and/or epidemiological contexts; also, it is recommended that further studies be carried out using the methods proposed herein with other samples.
| CONCLUSION
The adaptations carried out in the Brief Pain Inventory (BPI) allowed expanding the clinical possibilities of using this instrument. The BPI adopted presented adequate fit to the different samples of dental patients (without pain and with pain in the last 24 hr), considering all theoretical models recommended to track pain.
